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Abstract

The emergency treatment of atrial fibrillation (AF) involves utilizing two strategies. The first strategy
normally involves permitting the atrial fibrillation to persevere as the ventricular rate is controlled. The
other method involves utilizing anti-arrhythmic drugs in cardioversion and attempting to maintain sinus
rhythm. Different pharmacological treatments, including digoxin and amiodarone, have been used to
manage AF. A literature review on amiodarone and digoxin in the treatment of AF among patients with
heart failure (HF) has shown that both drugs have potential risks. Therefore, we are conducting this
systematic review and meta-analysis to compare the effectiveness of amiodarone and digoxin in the
treatment of AF among patients with evidence of HF.

A literature search of relevant articles was conducted on six electronic databases (PubMed, Web of Science,
Medline, ScienceDirect, Cochrane Library, and Google Scholar) from 2000 to 2022. The search yielded seven
studies that had met the inclusion criteria. Our meta-analysis of four studies showed that there was no
significant difference in the reduction of heart rate after treatment with either amiodarone or digoxin (mean

difference (MD): -5.44; 95% confidence interval (CI): -9.53 to -1.34; I> = 25%; p = 0.26). On the other hand,
the statistical analysis showed that amiodarone had a better effect on the conversion to sinus rhythm than
digoxin (63% versus 35%, respectively).

Based on evidence from our meta-analysis, the clinical effect of amiodarone and digoxin in the emergency
treatment of AF on heart rate control was unclear. However, amiodarone has a significant impact on the
restoration of sinus rhythm compared with digoxin and can be considered the first-line drug regimen in
conversion to sinus rhythm for AF patients with evidence of heart failure. However, the use of amiodarone
and digoxin is complicated by adverse events and all-cause mortality.

Categories: Cardiology, Emergency Medicine, Therapeutics
Keywords: systematic review and meta-analysis, pharmacological agents, chronic heart failure, anti-arrhythmic
drugs, atrial fibrillation (af), digoxin, amiodarone

Introduction And Background

Heart failure (HF) is a hazardous disease whose occurrence in the past decade has been growing at an
alarming rate. As per the 2021 American Heart Association Statistical Update, the prevalence of HF was
approximate six million, which is about 1.8% of the United States’ total population [1,2]. Estimates from
other surveys have revealed that the prevalence of HF in the United States and Canada is assessed at 1.5%-
1.9% of the population and 1%-2% in Europe [3]. This increasing trend in heart failure (CHF) is also
associated with increased morbidity and mortality from progressive pump dysfunction and arrhythmias. One
of the most common arrhythmias related to HF is atrial fibrillation (AF), which is prevalent in approximately
2% of the general population and about 3-6 million individuals in the United States [4]. AF is depicted as a
supraventricular tachyarrhythmia typically characterized by the irregular, frequent, rapid ventricular
response when the atrioventricular (AV) node conduction is intact. Previous studies have reported that atrial
fibrillation is more frequent in men than in women. For instance, a study of over 38 years reported that AF
was more common in men (2.2%) as opposed to women (1.7%) [5].

Additionally, AF has been depicted as the most widely recognized cardiac arrhythmia, representing about
35% of hospital admissions for cardiac arrhythmias [6], and is, therefore, the most commonly recognized
cardiac arrhythmia treated in the emergency department. There has been growing evidence that AF can be
managed/treated in the emergency department with practically no requirement for hospital admission [7,8].
In the emergency department, AF can be overseen utilizing two strategies. The first strategy normally
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involves permitting the atrial fibrillation to persevere as the ventricular rate is controlled. The other
method consists of using anti-arrhythmic drugs in cardioversion and attempting to maintain sinus rhythm.
The efficacy of rhythm and rate control in the treatment of AF in patients with HF was discussed in a
recently published randomized clinical trial [9]. Furthermore, the outcomes of this trial revealed that rate
and rhythm control showed no huge contrast in deaths from cardiovascular causes (27% in the rhythm-
control group and 25% in the rate-control group; p=0.59). Similarly, there was no distinction in the
secondary outcomes such as all-cause deaths, worsening HF, or stroke for rhythm and rate control.
Additionally, the study’s outcome showed that rate control effectively eliminated the need for repeated
cardioversion and reduced hospitalization rates. Other studies have shown no significant difference in the
treatment of AF by rate and rhythm control strategies [10,11].

Several treatment options, either pharmacological or non-pharmacological, have been used in rate control
for patients with AF and HF. Previous studies have reported that the use of Class IC anti-arrhythmic drugs in
the treatment of AF among patients with HF is limited due to their pro-arrhythmic and adverse inotropic
effects [12,13]. Other anti-arrhythmic drugs, such as amiodarone and dofetilide, are pharmacological agents
of choice in maintaining sinus rhythm among AF patients. Despite amiodarone showing significant
conversion to sinus rhythm, it is associated with increased risks of sudden cardiac death for patients with
NHYA class IIT heart failure. Moreover, the extracardiac toxicity of amiodarone may also hinder the long-
term use of the drug.

On the other hand, digoxin has been used as a rate control agent for AF management, especially for patients
with HF. However, a previous study in which 38,898 patients were assigned to the digoxin group revealed
that the drug was associated with increased mortality compared to other rate-controlling drugs [14]. Further
clinical studies have also raised concerns about the safety of digoxin during AF management. A population-
based study comparing AF patients treated with or without digoxin showed that in the absence of an
anticoagulant, digoxin was associated with a 1.4-fold increase in the risk of ischemic stroke [15]. Similarly, a
meta-analysis of digoxin mortality revealed that digoxin was associated with higher mortality [16].

The literature review conducted on amiodarone and digoxin in the treatment of AF among patients with HF
shows that both drugs have potential risks. Therefore, we are running this systematic review and meta-
analysis to compare the effectiveness of amiodarone and digoxin in the treatment of AF among patients
with evidence of HF. We hypothesize that digoxin will significantly improve the heart rate compared to
amiodarone, while amiodarone will be more effective in achieving conversion to sinus rhythm among AF
patients.

Review
Methods

Literature Search

Using the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) guidelines, two
reviewers thoroughly searched six electronic databases including PubMed, Web of Science, Medline,
ScienceDirect, Cochrane Library, and Google Scholar. The Boolean operators “AND” and “OR” together with
MeSH terms were used in the search strategy, which was as follows: (“Amiodarone” OR “anti-arrhythmic
drugs”) AND (“Digoxin” OR “Pharmacological agents”) AND (“Treatment” OR “Management”) AND (“Atrial
fibrillation”) AND (“Heart failure” OR “chronic heart failure”). The reviewers also scoured the reference lists
of the identified articles and other systematic reviews for additional studies.

Eligibility Criteria

All studies were screened using the inclusion and exclusion criteria before being included in this systematic
review and meta-analysis. The inclusion criteria were as follows: studies written and published in the
English language (the reviewers made this provision to avoid the loss of scientific meanings, which comes
with a direct translation of scientific terms), studies that included human subjects only, studies that
compared amiodarone and digoxin in the treatment of atrial fibrillation for patients with evidence of heart
failure, and studies evaluating more than 10 patients.

On the other hand, studies were excluded from this systematic review due to the following reasons: studies
were published in languages other than English, studies evaluated animal subjects, studies compared
amiodarone and digoxin in the treatment of atrial flutter alone, studies excluded patients with heart failure,
and studies independently compared either amiodarone or digoxin with other pharmacological treatments.
Abstracts, letters to the editor, and other systematic reviews and meta-analyses were also excluded from this
review.

Quality Assessment

The Cochrane Handbook for Systematic Reviews and Meta-Analyses was used in the quality assessment of
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every included randomized study [17]. The Cochrane risk of bias tool in the RevMan software (version 5.4.1)
was used in the evaluation. During the assessment, the following elements were considered: selection,
performance, attrition, and reporting bias. Each study element was then categorized as “low risk,” “high
risk,” or “unclear risk.” Low risk of bias indicated that the element under consideration was sufficiently
addressed, while a high risk of bias meant that the element under consideration was insufficiently addressed.
On the other hand, unclear risk of bias meant that the element under study had very few details, and the
reviewers’ judgment could not be made. The risk of bias graph is shown and illustrated in Figure /, and the
risk of bias summary is shown and illustrated in Figure 2.

Blinding of participants and personnel (performance bias) _

Blinding of outcome assessment (detection bias

)
Incomplete outcome data (attrition bias)
Selective reporting (reporting bias)

Other bias

0% 25% 50% 75%  100%

.Low risk of bias Dunclem risk of bias .High risk of bias

FIGURE 1: Risk of bias graph
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Blinding of participants and personnel (performance bias)

Blinding of outcome assessment (detection bias)

Allocation concealment (selection bias)

Bosch et al. 2021 [24]

Gritsenko et al. 2018 [18]

Hofmann et al. 2006 [20]

. . . Other bias

® ® @ O  Random sequence generation (selection bias)

Joseph & Ward 2000 [21]

® e
® OO ®O® ® @ ncomplete outcome data (attrition bias)

Khan & Ghosh 2002 [19]

Kontoyannis et al. 2001 [22]

. . . . . . . Selective reporting (reporting bias)

Tse et al. 2001 [23]

FIGURE 2: Risk of bias summary

Gritsenko et al. (2018) [18], Khan and Ghosh (2002) [19], Hofmann et al. (2006) [20], Joseph and Ward (2000)
[21], Kontoyannis et al. (2001) [22], Tse et al. (2001) [23], Bosch et al. (2021) [24]

Data Extraction

Two reviewers were tasked with retrieving and compiling relevant data from the included studies. The data
retrieved included: author ID (author and year of publication), population characteristics, intervention,
control intervention, follow-up period, and main outcomes. The patients’ characteristics included sample
size, age, and sex. The dosages of amiodarone or digoxin were specified in the intervention and control
sections. In case of disagreements in the data extraction process, the two reviewers consulted a third
reviewer to help reconcile the debate. The primary outcomes of this systematic review were heart rate
control and sinus rhythm conversion. On the other hand, adverse effects associated with either amiodarone
or digoxin and all-cause mortality were used as secondary outcomes in this systematic review and meta-
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Author ID

Population

268

analysis.
Data Analysis

The RevMan software (version 5.4.1) was used in the meta-analysis of all outcomes. The effect size of
continuous outcomes was calculated using mean difference (MD), while outcomes of discrete nature were
assessed using odd’s difference. A random-effect model was used while using the eligibility criteria for the
meta-analysis because it takes into consideration the study sample size and heterogeneity. A heterogeneity
value of 50%-70% was considered moderate, while heterogeneity greater than 70% was considered
substantial. A 95% confidence interval (CI) was also chosen because the number of studies included in this
systematic review was small, limiting the statistical power. Forest plots with a significance level of 5% (p <
0.05) were used in the meta-analysis of data.

Results

Search Results

An initial search through the six electronic databases mentioned earlier yielded 635 articles. The studies
were then screened for duplicates, and 126 articles were excluded. Of the 509 remaining articles, 280 were
excluded after screening the titles and abstracts, while 164 articles were not retrieved. The other articles
were then screened using the eligibility criteria outlined earlier. Of the 65 articles assessed using the
eligibility criteria, 58 were excluded due to the following reasons: six were published in other languages,
seven evaluated atrial flutter only, 41 independently compared amiodarone or digoxin to other treatment
measures, and eight were either abstracts, systematic reviews, and meta-analyses, or letters to the editor
(Figure 53). Table I shows the study’s characteristics.

5 Total records obtained through

'é database search, n = 635

=

-

c

3

- Duplicate records removed,

n=126

A 4

w Records screened, n = 509

=

c

> Records excluded based on

E screening criteria, n = 280
v

Full articles identified, n = 229

Studies not retrieved, n = 164

3

Retrieved studies assessed for

eligibility, n = 65
Full-text articles excluded, n = 58
Published in language other than English, n =6
> Excluding patient with heart faliure, n =7
h Indepentaely compared Amiodarone or Digoxin to

other treatment options, n =41
Studies/articles included in the Abstracts, letters to the editor and systematic
review, n=7 reviews and meta-analysis, n = 4

FIGURE 3: PRISMA flow diagram of the literature search results

PRISMA: Preferred Reporting Items for Systematic Reviews and Meta-Analyses

Follow-
up

Intervention Control Main outcomes

period
(hours)

Rate control was accomplished following 24
hours in 29 (90.60%) patients in the
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) patients 32 patients (22 . amiodarone group and 52 (96.30%) patients in
SR £l (aged 218 male and 10 20 PEE TS (2 mElE A the digoxin bunch. Restoration to sinus rhythm
al. (2018) . 16 female) were assigned 24 . . -

years) with  female) were o was seen in a large portion of the population in
2] atrial assigned to the i clgdn gy the amiodarone group than in the digoxin group
fibrillation amiodarone group (50% versus 16.60%, respectively). Heart rates
(AF) after 24 hours of treatment showed an
inconsequential distinction in the two groups.
153 Of the 23 patients in the digoxin group, three
. returned to sinus rhythm, while two in the
patients (56 i .
. . amiodarone group returned to sinus rhythm. Ten
male and 23 patients with i . K K . o i
Khan and 10 patients with new-onset AF patients treated with digoxin died, while one
97 females, new-onset AF were i X K . i
Ghosh . ) AF were treated using 76 patient in the amiodarone group died. Of the 10
with a mean treated using ) . . - L
(2002) [19] . amiodarone patients treated with a combination of digoxin
age of 85.2  digoxin . . .
) with and amiodarone, nine reverted to sinus rhythm,
ears) wi
XF while the one patient who failed to cardiovert
died.
50 patients (28
male and 22 Conversion to normal sinus rhythm was seen in
female) with a . 14 patients in the amiodarone cohort and three
50 patients (28 male and i . . X
mean age of 68.3 + ] patients in the digoxin cohort following 30
22 female) with a mean . . X
13 years were minutes of drug administration. After 60
. age of 69.3 + 13 years ) . . . .
Hofmannet 100 dispensed to the minutes, sinus rhythm conversion was higher in
. X were allocated to the i .
al. (2006) patients amiodarone group . the amiodarone group compared with the
. ] digoxin group, and 0.6 mg Lo ] ]
[20] with AF and received 450 . . digoxin group (21 versus nine patients,
. intravenous digoxin was . .
mg of amiodarone . respectively.) After 60 minutes of drug
X administered to the . ! X
intravenous, atients administration, the mean ventricular heart rates
followed by a flush o were 94.2 + 22 bpm and 105.3 + 22 bpm in the
of 10 mL saline amiodarone and digoxin groups.
solution
36 patients (20 39 patients in the
male and 16 amiodarone group were At 24 hours, adequate rate control was
female, with a mean subjected to 5 mg/kg observed in four of seven patients in the sotalol
age of 64.9 + 2.0 intravenously for over 30 group, three of 12, and five of 18 in the
120 years) in the digoxin minutes and then 400 mg amiodarone and digoxin groups, respectively.
Joseph and atients group were orally every eight hours for Cardioversion to sinus rhythm at 48 hours of
Ward \‘:/ith new subjected to 500 ug  six doses; 40 patients in 48 drug administration was 28 (78%), 37 (94%),
(2000) [21] onset AE intravenous for over the sotalol group were and 38 (95%) in the digoxin, amiodarone, and
30 minutes, subjected to 1.5 mg/kg sotalol groups, respectively. Eight, three, and
followed by 250 ug intravenously for over 30 two patients in the digoxin, amiodarone, and
oral dosage every minutes and then 80 mg sotalol groups witnessed adverse events
six hours for four orally every eight hours for associated with the drug regimens.
doses six doses
26 patients in the
digoxin group were 16 patients in the
subjected to amiodarone group were
intravenous 0.5 mg  subjected to 300 mg of Four of 16 and nine of 26 patients in the digoxin
70 patients  digoxin diluted in 10 amiodarone hydrochloride and amiodarone groups had a conversion to
Kontovannis with acute mL of 5% glucose diluted in 500 mL of 5% sinus rhythm after two hours. After 8- 96 hours,
i
ctal é001) myocardial  solution glucose solution 96 eight and nine patients in the digoxin and
22] ’ infarction administered over administered over two amiodarone groups had cardioversion to sinus
complicated five minutes; for AF  hours, followed by a rhythm. The sinus heart rate at the time of
with AF persisting after one  continuous infusion of 44 cardioversion was 91 + 18 bpm, 81 + 17 bpm,
hour, 0.25 mg of mg/hour until the and 87 + 18 bpm in the three respective groups.
digoxin was restoration of sinus rhythm
administered or up to 60 hours
intravenously
No significant difference was observed in the
percentage reduction of ventricular rate after 24
weeks in the two groups (27% + 13% versus
16 patients Nine patients in the 25% + 12%, for digoxin and amiodarone,
(13 male amiodarone group ~ Seven patients in the respectively). A significant increase in left
and three were subjected to digoxin group were ventricular ejection fraction (LVEF) was
Tse et al. females, 600 mg daily for subjected to 0.25 mg daily 54 observed in the digoxin compared with the
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(2001) [23] with a mean
age of 63 +

9 years)
with chronic
AF

666
patients
(362 female
and 304
males, with
Bosch etal. amean age
(2021) [24]  of 72 (12)
years) with
sepsis-
associated
atrial
fibrillation

one week as a
loading dose and
then 100 mg daily
for 24 weeks

or 0.125 mg daily if weeks
bodyweight < 50 kg or

serum creatinine > 200

mmol/L

baseline (0.71 + 0.13 versus 0.63 + 0.11,
respectively), while no difference was noted in
the amiodarone group (0.69 + 0.09 versus 0.66
+ 0.11, respectively). At 24 weeks, no

significant difference was observed in the
quality of life and AF symptoms after treatment
with either amiodarone or digoxin.

Six hours after medication therapy, the heart
rate was significantly lowered in patients who

67, 225, and 37 patients received beta-blockers (110 bpm) compared

337 patients were with those who received digoxin (118 bpm);

were enrolled in the beta-

assigned to the 6 however, no difference was observed when

blocker, calcium channel

amiodarone group compared with amiodarone (110 bpm). A high

blocker, and digoxi
Slebiet, Gl iRl hospital mortality rate (39.20%) was observed

in the amiodarone group compared with the
digoxin group (13.50%).

TABLE 1: Study characteristics

AF: atrial fibrillation, LVEF: left ventricular ejection fraction, bpm: beats per minute

Primary Outcomes

Meta-analysis of heart rates from four studies shows that amiodarone had a better effect than digoxin.
However, the reduction in heart rates for AF patients showed no statistically significant difference (MD: -
5.44;95% CI: -9.53 to -1.34; %= 25%; p = 0.26) (Figure 4). Low heterogeneity (I2 =25%) was recorded among
studies that evaluated the effect of amiodarone versus digoxin in heart rate control. Consequently, there
was a low variation of study outcomes from these studies.

Amiodarone Digoxin Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight |V,Random, 95% CI IV,Random, 95% CI
Bosch etal. 2021 [24] 114 3 322 M7 10 36 55.8% -3.00[-6.28,0.28]
Gritsenko et al. 2018 [18] 91 17 15 95 16 41 143% -4.00 [-13.90, 5.90]
Hofmann et al. 2006 [20] 942 22 50 1053 22 50 17.9% -11.10[-19.72,-2.48] ——
Kontoyannis et al. 2001[22) 81 17 26 91 18 16 12.0%  -10.00 [-20.98,0.98] T
Total (95% Cl) 413 143 100.0%  -5.44[-9.53,-1.34] +

Heterogeneity:Tau® = 5.04; Chi’=4.02, df =3 (P = 26); I’=25%
Test for overall effect Z = 2.60 (P = 0.009)

00 -50 0 50 100
Favours [Amiodarone]  Favours [Digoxin]

FIGURE 4: Forest plot of studies evaluating the effect of amiodarone
versus digoxin in heart rate control

Bosch et al. (2021) [24], Gritsenko et al. (2018) [18], Hofmann et al. (2006) [20], Kontoyannis et al. (2021) [22]

Statistical analysis of the number of patients with successful rate control showed no statistical difference
after treatment with either amiodarone or digoxin (Table 2).
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Author ID

Joseph and Ward [21]
Gritsenko et al. [18]
Tse et al. [23]

Total

Percentage

Amiodarone

Successful number of rate control

30

24

2

56

70%

Total population
39

32

9

80

Digoxin

Successful number of rate control
21

42

3

66

68%

Total population
36

54

7

97

TABLE 2: Analysis of the number of patients with improved rate control

On the other hand, statistical analysis of conversion to sinus rhythm shows that amiodarone had a
significant impact compared to digoxin (Table 3).

Amiodarone Digoxin
AuthoriID Successful conversion to sinus Total Successful conversion to sinus Total
rhythm population rhythm population
J h and Ward
oseph and var 37 39 28 36
[21]
Kont is etal.
ontoyannis et a 16 16 18 26
[22]
Hofmann et al. [20] 21 50 9 50
Gritsenko et al. [18] 16 32 9 54
Khan and Ghosh[19] 2 10 3 23
Total 92 147 67 189
Percentage 63% 35%

TABLE 3: Amiodarone versus digoxin in sinus rhythm at the final follow-up period

Secondary Outcomes

When the effect of digoxin was compared to amiodarone on adverse events, the meta-analysis showed no
significant difference between the two groups and slightly significant heterogeneity (odds ratio (OR): 1.65;

95% CI: 0.28 t0 9.63; = 53%; p = 0.09) (Figure 5).

Amiodarone Digoxin Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M.H. Random, 95%, Cl M.H. Random, 95%, CI
Gritsenko et al. 2018 [18] 3 32 1 54 284% 5.48[0.55,55.13] ] -
Hofmann et al. 2006 [20] 1 50 0 50 185% 3.06[0.12, 76.95] .
Joseph &Ward 2000[21] 3 39 8 36 36.9% 0.29[0.07,1.20] L —
Kontoyannis et al. 2001 [22] 1 16 0 26 182% 5.13 [0.20, 133.80] >
Total [95% Cl] 137 166 100.0% 1.651[0.28, 9.63]
Total events. 8 9

0.01 0.1 1 10 100
Favours [Amiodarone] Favours [Digoxin)

Heterogeneity, Tau’= 1.68; Chi’= 6.43, df=3 (P = 0.09); P=53%
Test for overall effect: Z=0.56 (P = 0.58)

FIGURE 5: Forest plot of studies on adverse events related to
amiodarone and digoxin

Gritsenko et al. (2018) [18], Hofmann et al. (2006) [20], Joseph and Ward (2000) [21], Kontoyannis et al. (2001)
[22]
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On the other hand, digoxin showed a significant decrease in all-cause mortality compared with amiodarone
and significant (OR: 2.01; 95% CI: 1.18 to 3.41; 12=67%; p = 0.03) (Figure 6).

Amiodarone Digoxin Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Bosch et al. [24] 2021 207 529 7 49 37.4% 3.86 [1.70, 8.75] ——
Gritsenko etal.[18] 2018 10 32 11 54 27.0% 1.78 [0.65, 4.82] —-—
Hofmann et al. [20] 2006 1 50 2 50 94% 0.49 [0.04, 5.58] r
Khan & Ghosh [19] 2002 1 10 10 23 262% 0.14 [0.02, 1.34] —
Total [95% CI] 621 176 100.0% 2.01[1.18, 3.41] e
Total events
Heterogeneity, Chi? =9.17 df= 3 (P = 0.03); 2= 67% hoq o1 A !

Tast for.ovarall afiact 2= 2.58,(P,=/0.010) Favours [Amicdarone]  Favours [Digoxin]
FIGURE 6: Forest plot of studies comparing amiodarone to digoxin in
all-cause mortality

Bosch et al. (2021) [24], Gritsenko et al. (2018) [18], Hofmann et al. (2006) [20], Khan and Ghosh (2002) [19]

Discussion

This systematic review and meta-analysis were designed to compare the effectiveness of amiodarone and
digoxin in the treatment of AF among patients with evidence of heart failure. Despite amiodarone showing a
better effect on reducing heart rate, our analysis showed that the difference did not reach a statistical
significance (p = 0.26). Similarly, when comparing amiodarone with digoxin on the number of adverse
events, there was no significant difference between the two groups. However, a meta-analysis of all-cause
mortality showed that digoxin was more effective than amiodarone.

This systematic review hypothesized that digoxin would have a better effect on reducing heart rate among
patients with AF. However, the results of our meta-analysis showed no significant difference for AF patients
treated with either amiodarone or digoxin These results are supported by a previous meta-analysis that
showed that digoxin was inferior to amiodarone in controlling heart rates in patients with new-onset AF
within six hours of treatment. Despite digoxin being inferior, the study reports that the difference was not

significant (MD: 14.7 bpm; trial sequential analysis (TSA)-adjusted CI: -0.58 to 30.0; %= 42%; p < 0.00001)
[25]. Our statistical analysis has also shown that 70% and 68% of people treated with amiodarone and
digoxin, respectively, had achieved rate control after the treatment measures. These results indicate no
statistically significant difference between the two treatment options. However, some of the included
studies have provided some contradicting results. Gritsenko et al. [18] reported that after 24 hours, more
patients in the digoxin group had achieved rate control compared with patients in the amiodarone group. In
previous studies where AF patients showed no evidence of heart failure, digoxin has also shown some
contradicting results on the ventricular rate. Siu et al. [26] evaluated the effectiveness between diltiazem,
digoxin, and amiodarone among patients who presented to the emergency department with acute-onset
symptomatic AF. The results of this trial showed that of 150 patients, 119 patients had achieved ventricular
rate control within the first 24 hours. Of these patients who achieved rate control, patients randomized to
the digoxin and amiodarone groups showed no difference (74% versus 74%); however, patients in the
diltiazem group showed a significantly higher rate control (90%). Similarly, a 2004 randomized trial reported
that digoxin showed a significantly lower rate of control compared with sotalol and amiodarone [27]. The
results of this study showed that most patients treated with digoxin did not achieve a heart rate of less than
100 bpm until six hours. On the other hand, sotalol and amiodarone showed a rapid rate control, of which
most of the patients achieved a heart rate of less than 100 bpm within 30 minutes.

We also hypothesized that amiodarone would significantly convert the AF to sinus rhythm compared with
digoxin. The results of the statistical analysis have supported this hypothesis by showing that 63% of
patients treated with amiodarone had converted to standard sinus reason while only 35% of the patients had
achieved sinus rhythm. These results are supported by a recent meta-analysis of three trials that showed
that amiodarone was an effective treatment in converting AF to sinus rhythm compared with digoxin

[25]. Similarly, a meta-analysis that compared amiodarone to other pharmacological treatments, including
digoxin, showed that amiodarone was more efficient in conversion to sinus rhythm in AF patients [28]. Other
randomized trials have also demonstrated that amiodarone is an effective anti-arrhythmic drug in
conversion to sinus rhythm. Hou et al. [29] evaluated the treatment of recent-onset atrial fibrillation using
amiodarone and digoxin and found that 24 of 26 cases of AF had converted back to sinus rhythm 24 hours
after the administration of amiodarone, while only 17 of 24 cases of AF in the digoxin group had converted
to sinus rhythm. Despite this high rate of conversion observed after digoxin administration, it was recorded
that of the 17 episodes of conversion to sinus rhythm, four patients had a recurrence of AF, while only one
of the patients in the amiodarone group showed recurrence of AF. Similarly, a 2000 randomized study
evaluating the effectiveness of diltiazem, amiodarone, and digoxin among patients with persistent AF
showed that 85 of 115 patients had achieved restoration to sinus rhythm [30]. The results of this study
showed that 30 of 33 AF patients in the amiodarone group had restored sinus rhythm, while only 19 of 29
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AF patients in the digoxin group had converted to sinus rhythm. Twenty-four hours after the sinus rhythm
restoration, three (12%) of the patients in the digoxin group had a recurrence of AF, while only one (3%)
patient in the amiodarone group had a recurrence of AF. A one-month follow-up showed that a lower AF
recurrence rate was observed in the amiodarone group compared to the diltiazem and digoxin groups (8
(28%) versus 17 (56%) versus 12 (78%), respectively). Evidence has also shown that amiodarone has no
significant difference in the conversion to sinus rhythm compared to other treatment measures. Galve et al.
[31] reported that AF patients treated with 5 mg/kg intravenous amiodarone for 30 minutes followed by
1,200 mg for over 24 hours had no significant difference in conversion rate compared to the placebo.
Similarly, Bianconi et al. [32] reported no difference in conversion to sinus rhythm for patients treated with
a 15-minute infusion of amiodarone compared with a placebo. A study comparing amiodarone to flecainide
and propafenone showed that amiodarone given at 5 mg/kg for 20 minutes had a significantly lower
conversion rate compared to the other drug regimens [33].

Despite the effectiveness of amiodarone in converting AF to sinus rhythm, the meta-analysis of four studies
has shown that it is associated more with all-cause mortality than digoxin. However, the studies included in
this review show contradicting results. Hofmann et al. [20] reported that of 100 patients equally randomized
to the amiodarone and digoxin group, three deaths occurred; one of the three patients randomized into the
amiodarone group died eight days after drug administration, while two patients in the digoxin died due to
recurrent pulmonary embolism and developed pulmonary edema. However, this study reports that none of
the patients had died directly from the drugs. Similarly, a 2002 study evaluating the effectiveness of
pharmacological agents on AF showed that 14 of 53 patients with new-onset AF had died [19]. The results of
this study show that 10 of 23 and one of 10 patients in the digoxin and amiodarone groups, respectively, had
died. Previous studies comparing amiodarone to other drug treatments have also shown that despite
amiodarone restoring sinus rhythm, it is limited by mortality rates. Singh et al. [34] evaluated the
effectiveness of amiodarone and sotalol in the treatment of AF and found that 258 (27.1%) patients in the
amiodarone group had a spontaneous conversion to sinus rhythm, while 244 (24.2%) patients in the sotalol
group had achieved sinus rhythm. Despite amiodarone showing a significant conversion, the study reports
that its use was affected by the number of deaths observed. The results show that 13 deaths (six sudden)
were observed in the amiodarone group. A large cohort study of 122,465 patients also reported that
amiodarone use for the treatment of AF was associated with an increased risk of death [35]. Additionally, the
use of amiodarone in treating patients with an increased risk of sudden cardiac deaths, such as those with
heart failure, has also been associated with high all-cause mortality rates. Our recent meta-analysis
comparing the effectiveness of implantable cardioverter-defibrillator (ICD) to amiodarone in decreasing
mortality from sudden cardiac deaths showed that amiodarone was highly associated with all-cause

mortality compared with ICD (OR: 1.36; 95% CI: 1.06 to 1.74; I2 = 57%; p = 0.03) [36].

Evidence has also shown that adverse events limit the effectiveness of digoxin and amiodarone in treating
AF. Our meta-analysis of three studies has demonstrated that amiodarone and digoxin showed no
significant difference in the number of patients experiencing adverse events after treatment using the drug
regimens. The reported adverse events associated with either amiodarone or digoxin vary in different
studies. Joseph and Ward [21] reported that eight and three patients in the digoxin and amiodarone groups,
respectively, experienced adverse events. The study shows that two events of bradycardia were observed in
the two groups, of which each group accounted for one event. Additionally, six and two patients in the
digoxin and amiodarone groups, respectively, experienced left ventricular failure, while only one event of
stroke was observed among patients randomized to the digoxin group. Kontoyannis et al. [22] reported that
only one case of adverse event was observed between the amiodarone and digoxin groups. It was reported
that despite restoration to sinus rhythm, one patient in the amiodarone group developed first degree of
atrioventricular (AV) block. Hofmann et al. [20] also reported that 24 hours after amiodarone administration,
one case of superficial phlebitis was observed. However, the study reported that the event was improved by
treatment using local topic therapy. A follow-up of this case revealed that the amiodarone therapy had not
been followed with the usual 10 mL saline flush as required by the drug protocol. In addition, in the study by
Gritsenko et al. [18], there were four cases of adverse events in the amiodarone and digoxin groups. Of the
four cases, one case of bradycardia was observed in the amiodarone group, while two cases and one case of
hypotension were observed in the amiodarone and digoxin groups, respectively. Similarly, a previous study
reported that one patient with severe heart failure and AF treated with amiodarone was reported to have an
aggravation of HF one hour after drug administration [29]. The patient had to be discontinued from the
amiodarone administration and was treated using diuretics and positive inotropic until stabilization.
Another patient in this study was recorded to have severe bradycardia followed by cardiac arrest two hours
after amiodarone administration. It is reported that the patient died despite aggressive attempts at
resuscitation. Phlebitis was also observed in one patient who was treated with amiodarone.

Evidence has also shown that combining digoxin and amiodarone has a significant effect on the treatment
of AF for patients with evidence of heart failure. Kontoyannis et al. [22] reported that 28 patients
randomized to the digoxin plus amiodarone (D+AM) group had a significant conversion to sinus rhythm after
two hours of therapy compared with patients randomized to digoxin and amiodarone groups. The results of
conversion to sinus rhythm at 96 hours revealed that all patients in the D+AM had attained sinus rhythm,
while eight patients in the digoxin group had not achieved sinus rhythm. Similarly, Khan and Ghosh [19]
reported that of 10 patients with new-onset AF randomized to the combination group, nine had achieved
sinus rhythm. However, previous studies have shown that a combination of amiodarone and digoxin is
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associated with high all-cause mortality compared to digoxin alone. A 2020 study evaluating 4,133 AF
patients showed that significantly higher all-cause mortality rates were observed in the combination group
than in the digoxin group (37.3% versus 26.9%, respectively) [37]. However, the study shows no significant
difference in sudden cardiac groups in the two groups (6.7% versus 5.9% for digoxin and combination
groups, respectively).

Limitations

The primary limitation of this systematic review and meta-analysis is the moderately high heterogeneity
observed in the analysis of adverse events (53%) and all-cause mortality (67%). This high heterogeneity was
expected because some studies included in this systematic review had variably large populations compared
to others. This high heterogeneity should be considered when interpreting the results of our meta-
analysis. Similarly, the use of heart rate control as a primary outcome may be questionable. This is because
heart rate control has been established as a primary outcome in reducing the risk of cardiovascular events
and deaths, but its clinical relevance in the treatment of AF has not been fully established [38,39].
Additionally, our eligibility criteria only allowed the inclusion of studies published in English only.
Excluding studies published in other languages may have omitted some relevant outcomes that would have
improved our meta-analysis.

Conclusions

Based on evidence from our meta-analysis, the clinical effect of amiodarone and digoxin in the emergency
treatment of AF on heart rate control was unclear. The results showed that amiodarone had a better effect in
reducing heart rate; however, the difference with digoxin administration was insignificant. Our systematic
review and meta-analysis have also shown that amiodarone significantly impacts the restoration of sinus
rhythm compared with digoxin. These results indicate that amiodarone can be used as the first-line drug
regimen in conversion to sinus rhythm for AF patients with evidence of heart failure. However, the long-
term results of digoxin and amiodarone are unclear because no trial in this systematic review reported the
long-term effects of the drug regimens in the treatment of AF. Therefore, there is a need for more clinical
trials to be conducted to help assess the clinical impact of either amiodarone or digoxin in the treatment of
AF. Our meta-analysis has shown that despite amiodarone being effective in conversion to sinus rhythm, it
is associated with an increased risk of all-cause mortality and should be used comparably.
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